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Prospective Evaluation of Sedation-Related Adverse Events in Pediatric
Patients Ventilated for Acute Respiratory Failure
Abstract
Objectives: Sedation-related adverse events in critically ill pediatric patients lack reproducible operational
definitions and reference standards. Understanding these adverse events is essential to improving the quality
of patient care and for developing prevention strategies in critically ill children. The purpose of this study was
to test operational definitions and estimate the rate and site-to-site heterogeneity of sedation-related adverse
events.
Design: Prospective cohort study.
Setting: Twenty-two pediatric intensive care units in the United States enrolling baseline patients into a
prerandomization phase of a multicenter trial on sedation management.
Patients: Pediatric patients intubated and mechanically ventilated for acute respiratory failure.
Data Extraction: Analysis of adverse event data using consistent operational definitions from a Web-based
data management system.
Measurements and Main Results: There were 594 sedation-related adverse events reported in 308 subjects, for
a rate of 1.9 adverse events per subject and 16.6 adverse events per 100 pediatric intensive care unit days. Fifty-
four percent of subjects had at least one adverse event. Seven (1%) adverse events were classified as severe,
347 (58%) as moderate, and 240 (40%) as mild. Agitation (30% of subjects, 41% of events) and pain (27% of
subjects, 29% of events) were the most frequently reported events. Eight percent of subjects (n = 24)
experienced 54 episodes of clinically significant iatrogenic withdrawal. Unplanned endotracheal tube
extubation occurred at a rate of 0.82 per 100 ventilator days, and 32 subjects experienced postextubation
stridor. Adverse events with moderate intraclass correlation coefficients included: Inadequate sedation
management (intraclass correlation coefficient = 0.130), clinically significant iatrogenic withdrawal (intraclass
correlation coefficient = 0.088), inadequate pain management (intraclass correlation coefficient = 0.080), and
postextubation stridor (intraclass correlation coefficient = 0.078).
Conclusions: Operational definitions for sedation-related adverse events were consistently applied across
multiple pediatric intensive care units. Adverse event rates were different from what has been previously
reported in single-center studies. Many adverse events have moderate intraclass correlation coefficients,
signaling site-to-site heterogeneity.
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Abstract
Objectives—Sedation-related adverse events in critically ill pediatric patients lack reproducible 
operational definitions and reference standards. Understanding these adverse events is essential to 
improving the quality of patient care and for developing prevention strategies in critically ill 
children. The purpose of this study was to test operational definitions and estimate the rate and 
site-to-site heterogeneity of sedation-related adverse events.
Design—Prospective cohort study.
Setting—Twenty-two pediatric intensive care units in the United States enrolling baseline 
patients into a prerandomization phase of a multicenter trial on sedation management.
Patients—Pediatric patients intubated and mechanically ventilated for acute respiratory failure.
Data Extraction—Analysis of adverse event data using consistent operational definitions from a 
Web-based data management system.
Measurements and Main Results—There were 594 sedation-related adverse events reported 
in 308 subjects, for a rate of 1.9 adverse events per subject and 16.6 adverse events per 100 
pediatric intensive care unit days. Fifty-four percent of subjects had at least one adverse event. 
Seven (1%) adverse events were classified as severe, 347 (58%) as moderate, and 240 (40%) as 
mild. Agitation (30% of subjects, 41% of events) and pain (27% of subjects, 29% of events) were 
the most frequently reported events. Eight percent of subjects (n = 24) experienced 54 episodes of 
clinically significant iatrogenic withdrawal. Unplanned endotracheal tube extubation occurred at a 
rate of 0.82 per 100 ventilator days, and 32 subjects experienced postextubation stridor. Adverse 
events with moderate intraclass correlation coefficients included: inadequate sedation management 
(intraclass correlation coefficient = 0.130), clinically significant iatrogenic withdrawal (intraclass 
correlation coefficient = 0.088), inadequate pain management (intraclass correlation coefficient = 
0.080), and postextubation stridor (intraclass correlation coefficient = 0.078).
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Conclusions—Operational definitions for sedation-related adverse events were consistently 
applied across multiple pediatric intensive care units. Adverse event rates were different from 
what has been previously reported in single-center studies. Many adverse events have moderate 
intraclass correlation coefficients, signaling site-to-site heterogeneity.
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Patient safety is recognized as a healthcare priority deserving concentrated efforts aimed at 
reducing system failures and errors that lead to preventable adverse events (AEs) and injury. 
Identifying preventable errors may be especially important in critically ill children (1–3). 
Iatrogenic illness has been identified in 62% of pediatric intensive care unit (PICU) 
admissions for a rate of 28.6 AEs per 100 patient days (4).
Pediatric patients admitted to the intensive care unit are at risk for AEs because of the 
criticality and complexity of their care. Examples of AEs include transient hypoxemia, pain, 
agitation, sleep pattern disturbance, nosocomial infection, gastrointestinal bleeding, 
intolerance of gastric feeding, and skin breakdown. Standards of PICU care focus on using 
evidence-based practice to prevent these AEs.
Pediatric patients with acute respiratory failure supported on mechanical ventilation require 
PICU care and receive concomitant sedation to prevent complications associated with 
ventilator management. Pediatric sedation may be inherently unique because of 
characteristics of the pediatric population, including small size and cognitive immaturity (1). 
Surveillance and prevention of iatrogenic events in critically ill pediatric patients requires 
the consistent use of terms and vigilance within PICUs and benchmarking across PICUs. 
Understanding the epidemiology of AEs related to sedation management may facilitate the 
development of prevention strategies in this specific patient population. The purpose of this 
observational study was to test operational definitions and estimate the rate and site-to-site 
heterogeneity of prospectively collected sedation-related AEs in pediatric patients intubated 
and mechanically ventilated for acute respiratory failure at 22 PICUs.
MATERIALS AND METHODS
We conducted a review of observational data prospectively collected from all 308 pediatric 
subjects enrolled in the baseline, prerandomization phase of a multicenter trial on sedation 
management in patients with acute respiratory failure titled Randomized Evaluation of 
Sedation Titration fOr Respiratory FailurE (RESTORE). Twenty-two PICUs of varying size 
and organizational structure located in the United States contributed to the data set. During 
the baseline, prerandomization phase of the RESTORE trial, all subjects received usual care. 
Patient sedation and pain control was managed at the discretion of the care team and no 
recommendations were made by the RESTORE team.
The inclusion and exclusion criteria established for the RESTORE trial were used. We 
studied pediatric patients aged ≥2 wks and <18 yrs who were intubated and mechanically 
ventilated for acute pulmonary airways or parenchymal disease. We only enrolled full-term 
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infants ≥42 wks postmenstrual age and did not enroll patients from neonatal intensive care 
units to avoid known differences in neonatal physiology. Patients were most frequently 
excluded if they had cyanotic heart disease, were ventilated for immediate postoperative 
care or neuromuscular respiratory failure, had a critical airway, or had participated in other 
pediatric critical care clinical trials within the preceding 30 days.
Each PICU provided approximately 3 months of data between January and July 2009. Data 
were collected for each subject from endotracheal intubation until 72 hrs after their last 
opioid dose, hospital discharge, or day 28, whichever occurred first. The study was approved 
by the institutional review board at each institution. All sites completed an organizational 
assessment before data collection and reported typical U.S. practice patterns of no more than 
two patients per nurse.
Subjects were monitored daily for the occurrence of events defined as any undesirable 
experience or unanticipated benefit. All data were entered into a Web-based data 
management system. The manual of operations describing standard operating procedures for 
data collection helped to ensure consistent decision making across clinical sites. Each site 
reviewed the medical records of a randomly selected subset of two or three subjects to 
evaluate potential under-reporting of AEs.
AEs are defined as any untoward or unfavorable medical occurrence, including any 
abnormal sign (for example, abnormal physical exam or laboratory finding), symptom, or 
disease that is specified in the protocol (RESTORE Specified Event) or different from what 
is expected in the clinical course of a critically ill pediatric patient with acute lung disease 
supported on mechanical ventilation, and may be related to sedation management. Sedation-
related AEs typically occurring in pediatric intubated patients were identified through an 
exhaustive systematic review of the literature and designated as RESTORE Specified Events. 
Site coinvestigators were provided operational definitions for each RESTORE Specified 
Event (Table 1). Site coinvestigators, research assistants, and data extractors received one-
on-one training on the standard operating procedure of reporting and grading the severity of 
RESTORE Specified Events. Training was reinforced during monthly Steering Committee 
conference calls.
The severity of an AE was defined in the manual of operations as a qualitative assessment of 
the degree of intensity of the event as determined initially by bedside clinicians then verified 
by site coinvestigators as follows: 1) mild: does not impact (in any way) the patient’s course 
of illness; 2) moderate: impacts the subject’s course of illness but is not life threatening or 
incapacitating; or 3) severe: fatal, life threatening, severely incapacitating, permanently 
disabling, or requires/prolongs inpatient hospitalization.
A baseline assessment was completed on all subjects, including demographic data, medical 
history information, and primary cause for acute respiratory failure. Cognitive development 
and functional health were measured by the Pediatric Cerebral Performance Category and 
Pediatric Overall Performance Category (POPC) (5). Pediatric Risk of Mortality III-12 
(PRISM III-12) scores were calculated using data collected within 12 hrs of PICU admission 
(6).
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Throughout the subject’s course, we collected information on sedation administered as well 
as levels of pain, agitation, and withdrawal. All pain assessment tools were based on a 10-
point scale. The pain assessment tool depended upon the age and verbal capacity of the 
subject: infant to 7 yrs and nonverbal: Facial expression, Leg movement, Activity, Cry, and 
Consolability (7, 8); 3+ yrs of age and verbal: Wong-Baker FACES (9); 5+ yrs of age and 
verbal: Numeric Rating Scale; and ≥8 yrs and nonverbal: Individualized Numeric Rating 
Scale (10). The sedation-agitation spectrum was monitored using the validated State 
Behavioral Scale (SBS) (11). Clinicians used their clinical judgment to identify pain and/or 
agitation in patients requiring neuromuscular blockade, such as “assumed pain present” 
and/or “assumed agitation present” when the patient experienced >20% increase in heart 
rate/blood pressure when stimulated. The Withdrawal Assessment Tool–Version 1 was used 
to assess opioid withdrawal (12) in patients weaning from at least 5 days of opioids. The 
presence and intensity of withdrawal symptoms were assessed at least every 12 hrs. After 
baseline training, each clinical team provided five sets of paired SBS and Withdrawal 
Assessment Tool–Version 1 ratings. Inter-rater reliability on the SBS and Withdrawal 
Assessment Tool–Version 1 was then maintained at >80%. Given the lack of validated 
instruments in the pediatric population, there was no systematic assessment of delirium.
The rate of unplanned endotracheal tube (ETT) extubation was defined as events per 100 
ventilator days. The rate of unplanned removal of any invasive tube, excluding ETTs, was 
defined as events per 100 device days. Device days included all days with any invasive 
catheter/tube through study discharge, and subjects could contribute multiple device days on 
the same study day.
Ventilator-associated pneumonia (VAP) was defined as pneumonia occurring ≥48 hrs after 
the initiation of mechanical ventilation (13), and the VAP rate as the number of VAP per 
1000 ventilator days. Ventilator days were defined as all days intubated (days on ventilator 
for patients with tracheostomy) through study discharge. The catheter-associated 
bloodstream infection (CA-BSI) rate was reported as infections per 1,000 central catheter 
days. The National Nosocomial Infections Surveillance System definitions were used for 
VAP and CA-BSI (14). All VAP and CA-BSI were adjudicated by the local infectious 
disease officer using a standardized process (15). Pressure ulcers were staged according to 
the National Pressure Ulcer Advisory Panel recommendations (16) and attribution assigned 
using the Braden Q scale (17).
Duration of mechanical ventilation was defined as the number of days from intubation until 
the first time the ETT was continuously absent for at least 24 hrs. For subjects with a 
tracheostomy, duration of mechanical ventilation was defined as the number of days from 
the initiation of pressure support ≥5 cm H2O (i.e., ventilator, bilevel positive airway 
pressure, Vapotherm, or continuous positive airway pressure ≥5 cm H2O) until the first time 
pressure support ≥5 cm H2O was discontinued for at least 24 hrs.
PICU length of stay was defined as the time from PICU admission to PICU discharge and 
was censored at day 28 for subjects in the PICU for >28 days or subjects who were 
transferred out of the hospital. Acute lung injury and acute respiratory distress syndrome 
were defined as the acute onset of respiratory distress and bilateral infiltrates/opacities on 
Grant et al. Page 4
Crit Care Med. Author manuscript; available in PMC 2015 May 27.
radiograph, no evidence of left atrial hypertension, and Pao2/Fio2 <300 (acute lung injury) 
or Pao2/Fio2 <200 (acute respiratory distress syndrome). Standard definitions of 
oxygenation index and oxygenation saturation index were applied (18).
Descriptive statistics were calculated, including means, standard deviations, medians, and 
interquartile ranges (IQRs) for continuous variables and frequency counts and percentages 
for categorical variables. Due to the potential for site-to-site heterogeneity in the reporting of 
sedation-related AEs, we used statistical analysis methods that allowed for clustering of 
observations within a site (19, 20). AE rates and confidence intervals were derived from 
generalized estimating equations using a working exchangeable correlation matrix for 
subjects within a site. Intraclass Correlation Coefficients (ICCs) for binary variables were 
estimated from an analysis of variance adjusting for age category, PRISM III-12 score, and 
POPC >1 (21, 22). ICCs for count and time-to-event variables were estimated from an 
analysis of variance (adjusting for age category, PRISM III-12 score, and POPC >1) of the 
deviance residuals from Poisson regression or proportional hazards models. Confidence 
intervals for all ICCs were constructed using Searle’s method to adjust for unequal sample 
sizes across sites (23). Since negative values of the ICC are likely implausible, point 
estimates and lower 95% confidence interval limits of the ICC were truncated at zero for any 
calculated negative value. Data analyses were performed using SAS (Version 9.2, SAS 
Institute, Cary, NC).
RESULTS
A total of 2,617 intubated and mechanically ventilated patients were screened over a 7-
month period in the 22 PICUs. Of these, 2,149 (82%) were ineligible, primarily because 
they were not intubated for acute respiratory failure. Of the 468 eligible patients, 160 (34%) 
were not enrolled due to parent refusal, parent unavailability to provide written consent, 
language barrier, and/or staff unavailability. We prospectively collected data from the 
remaining 308 subjects whose parents/guardians provided consent. Clinical sites contributed 
data on an average of 14 subjects, with a range of four to 31 subjects.
The demographic characteristics, PRISM III-12 scores, reasons for intubation, and markers 
of acute lung injury severity are presented in Table 2. The 308 subjects provided data on 
4,231 PICU days, 7,191 hospital days, 2,482 ventilator days, 12,159 device days, and 2,609 
central catheter days (from 222 subjects who ever had a central catheter). A total of 594 
RESTORE Specified Events were reported in 308 subjects for a rate of 1.9 AEs per subject 
and 16.6 AEs per 100 PICU days. Fifty-four percent of subjects had at least one AE. Seven 
(1%) AEs were classified as severe, 347 (58%) as moderate, and 240 (40%) as mild. The 
severe AEs were extubation failure (n = 5), postextubation stridor (n = 1), and inadequate 
pain management (n = 1).
Inadequate sedation management (242 events in 93 [30%] subjects) and inadequate pain 
management (173 events in 83 [26%] subjects) were the most frequently reported events 
(Table 3). There were 56 (18%) subjects who had both inadequate sedation and pain 
management. In patients requiring neuromuscular blockade, “assumed agitation present” 
was used to describe agitation at least part of the study day that 27 (11%) inadequate 
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sedation-management AEs occurred, while “assumed pain present” was used to describe 
pain at least part of the study day that 24 (14%) inadequate pain-management AEs occurred. 
The preferential sedatives were fentanyl, morphine, and benzodiazepines. As expected and 
previously reported in the literature, there was a wide variation in the number, type, and 
dose of sedatives used across sites (24–26). Almost half (46%) of the subjects were weaned 
from ≥5 days of continuous, intermittent, or as-needed opioids and thus considered at risk 
for iatrogenic withdrawal syndrome (27). Twenty-four (8%) subjects experienced 54 
episodes of clinically significant iatrogenic withdrawal. The median Withdrawal Assessment 
Tool–Version 1 score associated with clinically significant iatrogenic withdrawal was 6 
(IQR: 4–7).
There were 20 unplanned ETT extubations in 19 (6%) subjects with an event rate of 0.82 per 
100 ventilator days, and 14 unplanned extubations (70%) were followed by reintubation 
within 24 hrs. The median age of the 19 subjects was 1.0 yr (IQR: 0.3–4.9). Almost all of 
these subjects (95%, n = 18) were orally intubated. The last recorded SBS score was 0 
(awake) for nine out of 16 unplanned ETT extubations (56%) and, on average, the last 
sedative titration or administration of a bolus was given 73 mins before the event (n = 19 
extubations). Most events occurred with a 1:1 nurse/patient ratio (60%), during nursing care 
(55%), and with a nurse at the bedside (75%).
There were 34 instances of postextubation stridor in 32 (10%) subjects. Their median age 
was 1.5 yrs (IQR: 0.3–6.2). All subjects were orally intubated, most with a cuffed ETT 
(65%, 20 out of 31 subjects). Steroids were used pre-extubation in seven out of 33 events 
(21%), and there was a bronchoscopy for airway evaluation for five out of 33 events (15%). 
No subjects were diagnosed with postextubation vocal cord paralysis. Two subjects (6%) 
had a history of a difficult or traumatic intubation and three subjects (9%) had a tracheal 
infection at the time of the event.
There were a total of 287 planned extubations in 268 subjects and 35 events of extubation 
failure before the first successful extubation (subject extubated for >24 hrs) in 28 (9%) 
subjects. Thirty-five percent of subjects who had successful extubations received 
noninvasive ventilation. Of the 28 subjects experiencing extubation failure, 14 subjects had 
planned extubations, 11 had unplanned extubations, and three had multiple extubations that 
were both planned and unplanned. The most frequent reasons for reintubation were lower 
respiratory hypoxia/hypercarbia (29%), upper airway stridor (26%), and insufficient 
respiratory effort due to over sedation (9%). Patients with extubation failure had a median 
age of 0.6 yrs (IQR: 0.2–3.0). Thirty-four percent of the reintubations were preceded by 
racemic epinephrine to prevent reintubation. Twelve out of the 35 (34%) reintubations 
occurred within 30 mins of extubation (11 of these occurred after unplanned extubations), in 
ten of 35 (29%), noninvasive positive pressure ventilation was used between extubation and 
reintubation, and the remaining 13 of 35 (37%) were reintubated without a trial of positive 
pressure ventilation. At the next 08:00 time point after reintubation, the oxygenation index 
was 7.1 (median; IQR: 4.2–9.4, n = 13 events) in those with arterial access and the 
oxygenation saturation index was 4.3 (median, IQR: 3.6–6.1, n = 22 events) in those without 
arterial access. Subjects who had an extubation failure had a longer duration of mechanical 
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ventilation compared to those who did not (median [IQR]: 11.1 days [7.5–22.3] vs. 5.6 days 
[3.0–11.7], p < .001).
Twenty (6%) subjects experienced at least one unplanned removal of an invasive tube for a 
rate of 0.19 per 100 device days. The SBS score before the event was recorded for 15 
events, ten (67%) of which noted the subject to be awake or agitated (SBS 0, +1, or +2). 
Half of these events were the unplanned removal of a nasogastric drainage tube.
Six (2%) subjects were reported to have adjudicated VAP for an event rate of 2.41 per 1000 
ventilator days. Two (1%) subjects were reported to have adjudicated CA-BSI for an event 
rate of 0.77 per 1000 central catheter days. Four (1%) subjects were reported to have Stage 
2+ pressure ulcers. The Braden Q was assessed for three of these subjects, all of whom were 
considered at risk for a pressure ulcer (Braden Q <16). Two ulcers were located on the 
coccyx and one each on the sacrum and shoulder.
Table 3 presents the ICC estimates for the RESTORE Specified Events adjusting for age 
category, PRISM III-12 score, and POPC >1. The events with the largest ICCs included 
inadequate sedation management (0.130), clinically significant iatrogenic withdrawal 
(0.088), inadequate pain management (0.080), and postextubation stridor (0.078). Figure 1 
demonstrates the site-to-site variability of the inadequate sedation management rate, the 
event with both the highest rate of occurrence and the highest ICC.
Characteristics related to the hospital course are presented in Table 4. Overall, the ICCs for 
the hospital course variables tended to be lower than those for the most frequently occurring 
RESTORE Specified Events.
DISCUSSION
Our results characterize AEs among a large population of critically ill pediatric patients 
intubated for respiratory failure. We estimated the rate and site-to-site heterogeneity of 
prospectively collected sedation-related AEs among the 22 participating sites. Sedation is an 
integral part of PICU care and is needed to facilitate treatment and prevent complications 
related to anxiety or movement.
There were a large number of subjects with inadequate pain or sedation management, 
comprising 70% of reported events. Differentiating between pain and agitation is difficult in 
this population. There is no universal definition or reported incidence of inadequate pain and 
sedation management in pediatric patients. Standardized measurement tools, definitions, and 
reporting structure of AEs were used; however, there was no standardized attempt to 
manage sedation. This manuscript represents the first attempt to estimate the incidence of 
inadequate pain and sedation management in mechanically ventilated pediatric patients. 
Unplanned extubations in pediatric patients have been reported in a number of clinical 
settings. In these studies, the unplanned extubation rate ranged from 0.19 to 1.2 per 100 
ventilator days (28–33). The unplanned extubation rate in our subjects was 0.82 per 100 
ventilator days, which compares favorably with the published pediatric critical care rates. 
Reported factors associated with unplanned extubation include a higher patient-to-nurse 
ratio (28, 29) and younger patient age (31, 32). For most of the unplanned extubation events 
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in our subjects, there was a 1:1 nurse/patient ratio and most events occurred with a nurse at 
the bedside and during nursing cares, and half of these subjects were under 1 yr of age.
Extubation failure, with reintubation within 24 hrs of extubation, in pediatric patients has 
been reported from a rate of 4.1% to 14% (32–35). These rates represent a diverse patient 
population. Our extubation failure rate of 8.9% falls within this range. The reported 
etiologies of extubation failure include lower Pao2, cardiorespiratory failure, and unplanned 
extubations. Our patients with extubation failure had a longer length of mechanical 
ventilation than those without. The overall incidences of postextubation stridor (10%) and 
extubation failure (9%) were low, although 26% of patients who had an extubation failure 
experienced upper airway stridor.
It is difficult to estimate the extent to which random or systematic error among the 
adjudicators might have attenuated our ability to accurately detect VAP events (36). Our 
VAP rate of 2.41 per 1000 ventilator days is similar to the most recent 2009 National 
Healthcare Safety Network pooled mean of 2.3 per 1000 ventilator days in pediatric critical 
care medical units (37). Not all RESTORE clinical sites had a specific adjudication process 
before beginning data collection.
Our rate of 0.77 CA-BSI per 1000 central catheter days is lower than many reported rates. 
The National Healthcare Safety Network reported a pooled mean of 3.0 CA-BSI per 1,000 
central catheter days in the evaluation of 314,306 central catheter days in pediatric medical 
surgical critical care units (37). Our rate of Stage 2+ pressure ulcers (1.4%) is much lower 
than the 27% that has been previously reported (17).
A significant advantage of multicenter vs. single-center studies is the ability to address site-
to-site heterogeneity in outcomes. We found moderate variation in event reporting even with 
clear operational definitions, consistent training of personnel at each site, external site 
monitoring of events, and adjustment for age category, PRISM III-12, and POPC >1. For 
four RESTORE Specified Events, inadequate sedation and pain management, clinically 
significant iatrogenic withdrawal, and postextubation stridor, the ICCs, measuring the 
proportion of variation in outcome attributable to the natural variation between sites rather 
than between subjects within sites, ranged from 7.8% to 13.0%. We also found that the ICCs 
for our hospital course variables tended to be smaller than those of the RESTORE Specified 
Events, perhaps because length of stay is dependent on a variety of patient-related factors.
These data are limited in that they represent subjects enrolled in the baseline phase of a 
clinical study and thus do not represent the entire population of intubated PICU patients. 
There was no attempt to analyze data in relation to institutional-specific practice patterns, 
such as compliance to infection control guidelines, which may affect the VAP and BSI rates.
Ensuring the validity and reproducibility of AE measurement is crucial to the quality of the 
data. For many of the AEs reported in this paper, no reference standards exist and 
adjudication procedures were used to enhance internal and external validity.
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CONCLUSIONS
Our large pediatric critical care study describes sedation-related AEs in a population of 
intubated and mechanically ventilated pediatric patients with acute respiratory failure from 
22 PICUs. The combined use of multiple processes, including standardized operational 
definitions, site training, monitored reporting structure, and on-site monitoring, all 
contributed to providing consistent AE data reporting from multiple PICUs. There were a 
high proportion of patients with inadequate pain or sedation management. We have 
described patients who experienced airway compromise by an unplanned extubation, 
postextubation stridor, and/or extubation failure. AE identification has been a focus of 
increased interest, particularly over the last decade. In spite of this, however, we found 
moderate site-to-site heterogeneity for some AEs. Understanding the frequency of these 
events is essential to improving the quality of care and may facilitate the development of 
prevention strategies in critically ill children.
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Figure 1. 
Inadequate sedation management rate per clinical site. Two sites reported no subjects with 
inadequate sedation management. The error bars represent ± 1 standard error. The horizontal 
line at 30.7% represents the inadequate sedation management rate across all clinical sites, 
adjusted for site.
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Table 1
RESTORE Specified Events operational definitions
Inadequate pain management: Pain score >4 (or “assumed pain present” in patients receiving neuromuscular blockade) for 2 consecutive hours 
not related to a planned extubation attempt
Inadequate sedation management: Agitation defined by a State Behavioral Scale score >0 (or “assumed agitation present” in patients receiving 
neuromuscular blockade) for 2 consecutive hours not related to a planned extubation attempt
Clinically significant iatrogenic withdrawal: In patients weaning from ≥5 days of continuous infusion or round-the-clock narcotics, any patient 
receiving rescue therapy (defined as an opioid or benzodiazepine bolus or an increase in opioid or benzodiazepine infusion) to manage an 
increase in Withdrawal Assessment Tool–Version 1 symptoms after the start of weaning and not for treatment of new pain or sedation needs
Unplanned endotracheal tube extubation: Unplanned extubation
Postextubation stridor with chest-wall retractions at rest: Stridor (defined as a high-pitched or harsh inspiratory noise) with chest-wall 
retractions after endotracheal tube extubation
Extubation failure: Reintubation within 24 hrs
Unplanned removal of any invasive tube: Unplanned removal of any invasive tube (e.g., arterial access, central venous access, peripheral 
venous access, nasogastric drainage tube, bladder catheter, chest tube, “other” tube)
Ventilator-associated pneumonia: Adjudicated using National Healthcare Safety Network definition (14)
Catheter-associated bloodstream infection: Adjudicated using National Healthcare Safety Network definition (14)
Stage 2+ pressure ulcers: Stage 2+ (or worse) partial thickness loss of skin layers involving epidermis and possibly penetrating into but not 
through dermis. May present as blistering with erythema and/or induration; wound base moist and pink; painful; free from necrotic tissue.
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Table 2
Characteristics of RESTORE baseline subjects at admission to the intensive care unit (n = 308)
Characteristics Values
Age in years, mean ± sd 4.4 ± 5.2
a 56
15
29
Male, % 54
Race, %
  White 72
  Black or African American 19
  Multiracial 4
  Asian 3
  Other 1
Hispanic, % 17
Pediatric Cerebral Performance Category >1, % 29
Pediatric Overall Performance Category >1, % 31
Pediatric Risk of Mortality III-12 score,b median (IQR) 6 (2.5–12)
Risk of mortality, median (IQR) 3% (1%–13%)
Primary reason for mechanical ventilation, %
  Pneumonia 36
  Bronchiolitis 27
  Acute respiratory failure related to sepsis 9
  Asthma or reactive airway disease 6
  Aspiration pneumonia 6
  Pulmonary edema 5
  Acute respiratory failure post bone marrow transplant 2
  Other 9
Worst oxygenation index on day of intubation,c median (IQR) 9.4 (5.4–19.7)
Worst oxygenation saturation index on day of intubation,d median (IQR) 7.0 (5.2–12.4)
IQR, interquartile range (25th percentile–75th percentile).
a
Ten (3%) subjects were <30 days old;
b
Pediatric Risk of Mortality III using data collected within 12 hrs of pediatric intensive care unit admission;
c
n = 137 subjects with arterial access;
d
n = 151 subjects without arterial access.
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Inadequate sedation management 242 93 30.7% (23.0%–39.6%) 0.130 (0.052–0.279)
Clinically significant iatrogenic withdrawal 54 24 8.7% (5.2%–14.3%) 0.088 (0.024–0.218)
Unplanned endotracheal tube extubation (per 100 
ventilator days)
20 19 0.82 (0.55–1.23) 0.000 (0.000–0.038)
Postextubation stridor with chest-wall retractions at rest 34 32 10.3% (6.3%–16.4%) 0.078 (0.018–0.203)
Extubation failure/reintubation within 24 hrs 35 28 8.9% (5.9%–13.3%) 0.017 (0.000–0.102)
Unplanned removal of any invasive tube (per 100 device 
days)
24 20 0.19 (0.11–0.32) 0.005 (0.000–0.081)
Ventilator-associated pneumonia (per 1000 ventilator 
days)
6 6 2.41 (1.00–5.80) 0.000 (0.000–0.073)
Catheter-associated bloodstream infection (per 1000 
central catheter days)
2 2 0.77 (0.20–2.91) 0.064 (0.008–0.182)
Stage 2+ pressure ulcers 4 4 1.4% (0.5%–4.4%) 0.048 (0.000–0.155)
a
Event rate: percentage of subjects experiencing the event unless otherwise specified;
bintraclass correlation coefficient measuring site-to-site heterogeneity after adjustment for age category, Pediatric Risk of Mortality III-12 score, 
and Pediatric Overall Performance Category >1.
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Table 4
Course of illness of RESTORE baseline subjects (n = 308)
Outcome
Median (Interquartile
Range) or
n (%)
Intraclass Correlation
Coefficienta
(95% Confidence Interval)
Duration of mechanical ventilation (days) 6.0 (3.3–12.3) 0.011 (0.000–0.092)
Pediatric intensive care unit length of stay (days)b 9.6 (5.7–17.0) 0.001 (0.000–0.074)
Hospital length of stay (days)b 15 (9–28) 0.048 (0.000–0.154)
28-day mortality (in hospital) 13 (4) 0.000 (0.000–0.050)
Subjects ever meeting acute lung injury criteria 115 (37) 0.069 (0.012–0.188)
Subjects ever meeting acute respiratory distress syndrome criteria 85 (28) 0.040 (0.000–0.141)
a
Intraclass correlation coefficient measuring site-to-site heterogeneity after adjustment for age category, Pediatric Risk of Mortality III-12 score, 
and Pediatric Overall Performance Category >1;
b
n = 295; excludes 13 subjects who died during the 28 days of the study.
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